The application of the new techniques of estimation of wedged hepatic vein pressure and intrasplenic pressure has allowed portal hypertension to be classified anatomically. In general the cause of the venous obstruction may be presinusoidal (raised intrasplenic pressure, normal wedged hepatic vein pressure) or postsinusoidal (raised intrasplenic pressure and raised wedged hepatic vein pressure) (Sherlock 1961) .
Presinusoidal Portal Hypertension
Obstruction to the portal vein is relatively common in childhood. In the neonatal period, it is usually secondary to umbilical sepsis (Clatworthy & Boles 1959 , Shaldon & Sherlock 1962a . The infection spreads along the umbilical vein to the left portal vein and hence to the main portal vein. In some instances, the portal vein is obstructed by an abscess at the hilum of the liver, again following umbilical infection. In one series, 9 of 16 children with extrahepatic portal venous obstruction had a history of umbilical sepsis (Fig 1) (Shaldon & Sherlock 1962a) . In one of these the infection had followed an exchange transfusion and this has been reported previously (Habif 1959) . In later childhood, infection is equally important, and 2 of 16 patients gave a history of osteomyelitis and of pylephlebitis following an appendix abscess respectively. The so-called cavernous transformation of the portal vein is not a specific disease entity but an attempt at recanalization of a previously occluded portal vein. It can, for instance, be shown by portal venography to follow occlusion of a porta-caval anastomosis.
Congenital hepatic fibrosis, a condition related to congenital cystic liver, also results in presinusoidal portal hypertension. The rise in pressure probably results from deficiencies of the terminal portal vein radicles in the fibrous tissue bands surrounding the liver lobules (Kerr et al. 1961) . 46 Portal Hypertension in The condition usually presents either as a large abdomen due to hepatosplenomegaly or as gastrointestinal hkmorrhage (Table 1) . It must be distinguished from cirrhosis since liver function is well preserved and the patients are good candidates for surgical relief of their portal hypertension should they bleed from cesophageal varices. Diagnosis is made by study of hepatic histology.
Owing to the toughness of the liver, the specimen obtained by needle biopsy may be too small for diagnosis and operative biopsy may be necessary. A similar mechanism of portal zone obliteration of portal vein radicles rarely complicates leukvmia and other reticuloses in childhood and leads to portal hypertension (Shaldon & Sherlock 1962b) .
In certain parts of the world, Schistosoma mansoni infection results in a portal phlebitis within the liver and consequent presinusoidal portal hypertension. Postsinusoidal Portal Hypertension Cirrhosis of the liver is anatomically defined. The essential feature is nodular degeneration so that the essential lobular architecture of the liver is lost (Sherlock 1958) . The mechanism of the portal hypertension which develops in cirrhosis remains obscure. Although reduction of the total intrahepatic portal vascular bed must occur, pressure on hepatic vein radicles is also believed to be important. The resultant portal hypertension is therefore postsinusoidal in origin; the intrasplenic pressure is raised while the wedged hepatic vein pressure is also high. The cirrhosis of adults has many different causes; this is also the case in childhood and again many are, unfortunately, cryptogenic (Table 2 ). In some instances, the disease seems to follow a preceding acute virus hepatitis and, in a few, this is one of the neonatal giant cell type which again seems to be of varied oetiology. More and more instances of so-called 'active juvenile' or 'lupoid' cirrhosis are being seen. This is the type where auto-antibodies to liver cells have been postulated. This condition is more frequent in girls than boys and usually presents about puberty. Biochemically, the serum-transminase and yglobulin levels are very high and the patients are usually jaundiced. The liver shows an extremely active postnecrotic cirrhosis. Eight of 33 patients with this syndrome showed bleeding from cesophageal varices at some time, usually late, during their course (Table 2) . Wilson's disease may present as portal hypertension months or even years before the appearance of neurological signs. Five of my 7 patients showed clear evidence of portal hypertension and others had ascites suggesting that the portal pressure was raised; 2 required portal-systemic shunt operations (Table 3) . Taylor et al. (1959) have postulated a presinusoidal intrahepatic portal hypertension in Wilson's disease based on the presence of a normal wedged hepatic vein pressure. This does not seem likely, for with other forms of postnecrotic cirrhosis the portal venous Biliary cirrhosis follows prolonged congenital biliary atresia. If the child survives more than three years or so, portal hypertension may be a problem. The majority, however, die before the florid picture of biliary cirrhosis with bleeding cesophageal varices develops.
The portal hypertension of constrictive pericarditis is clearly postsinusoidal in type, both intrasplenic and wedged hepatic vein pressure being raised. This portal hypertension rarely progresses to bleeding from aesophageal varices.
Finally, the condition of veno-occlusive disease must be considered. This phlebitis of the minute hepatic vein radicles is due to poisoning with senecio alkaloids. Although it is usually found in the West Indies and other tropical areas, I have known it in a 3-year-old patient from the West of of England who was addicted to herbal brews. (Atkinson & Sherlock 1954) , which is usually performed at the same time as splenic venography. The child is placed in the supine position with the left arm elevated above the head. A site is then chosen in either the 8th or 9th intercostal space in the midaxillary line. A fine lumbar puncture needle is inserted in a cephalad direction at 45 degrees to the transverse plane. After the skin has been pierced, apncea is induced usually with suxamethonium chloride, and the spleen is punctured. Successful puncture of the spleen is shown by a free flow of blood along the lumen of the needle.
Breathing is then restarted by the anesthetist and free swinging of the needle is an additional sign of correct position. A saline manometer or electro-manometer with zero reference 5 cm below the sternal angle is connected via a piece of polyethylene tubing to the needle and the pressure recorded. The normal intrasplenic pressure is 10+ 2 mm Hg. In 13 children with portal hypertension, the mean intrasplenic pressure was 27+ 6 mm Hg (Shaldon & Sherlock 1962a ). It is not our practice to perform a splenic puncture unless the prothrombin concentration is greater than 600 and more than 100,000 platelets per c.mm are present in the peripheral blood. Alternatively, splenectomy may have been performed previously. If the intrasplenic pressure cannot be measured, a cardiac catheter may be introduced into an hepatic vein after traversing the right auricle. If this catheter is wedged in the liver an estimate of the portal venous pressure is obtained, provided the portal vein is patent (Myers & Taylor 1951 , Paton etal. 1953 . We have used simultaneous measurements of the wedged hepatic venous and intrasplenic pressures to determine the site of obstruction responsible for portal hypertension. Patients with an extrahepatic portal vein obstruction have a high intrasplenic and normal wedged hepatic venous pressure. If portal hypertension is due to infiltrations within the liver by a reticulosis, a similar hemodynamic pattern is seen, and is called presinusoidal portal hypertension (Shaldon & Sherlock 1962b ). If cirrhosis is present both pressure measurements are elevated (postsinusoidal hypertension).
(b) The Cause ofPortal Hypertension
Radiology is essential to determine both location and cause of portal hypertension. Splenic venography (Turner et al. 1957 ) is performed in the manner described for the measurement of intrasplenic pressure: 20 ml of 70% Hypaque is injected rapidly into the spleen and a rapid series of X-rays taken. In 15 of 16 patients with an extrahepatic portal vein obstruction, the site of obstruction was demonstrated adequately by splenic venography. In the other patient, in whom the spleen had already been removed, an operative mesenteric venogram (Blakemore & Lord 1945 ) showed a thrombosis of the portal vein. CEsophageal collateral vessels were seen in all patients. Barium swallow examination has been of less value in demonstrating cesophageal varices: in 25 % of cases the barium swallow failed to show cesophageal varices which could be demonstrated by splenic venography.
Finally, an equally important investigation is percutaneous liver biopsy. This is conveniently performed after splenic venography in the anesthetized child using a Menghini needle (Menghini 1958) . The demonstration of normal hepatic histology usually eliminates cirrhosis as a cause of portal hypertension and suggests an obstruction within the portal vein. Infiltrations of the liver associated with portal hypertension may also be recognized by liver biopsy.
The combined techniques of splenic venography, measurement of the intrasplenic pressure and liver biopsy will permit an accurate diagnosis of portal hypertension and its cause in the majority of children.
Professor R Milnes Walker (Department ofSurgery, University ofBristol)
Treatment of Portal Hypertension in Children
The pattern of portal hypertension in children is very different from that seen in adults. In Bristol I have seen 50 cases of portal hypertension in whom the first symptoms have commenced before the end of the 15th year of life. Twenty-eight of them had extrahepatic obstruction and 22 intrahepatic.
Extrahepatic Obstruction
The cause of the extrahepatic obstruction is nearly always thrombosis of the portal vein. The exceptions are cases of congenital abnormalities of the blood vessels or pressure on the portal vein by lesions outside it. Thrombosis of the portal vein may be the result of an infective lesion in the area drained by the portal vein, and when the condition occurs in adults a history of such an illness can usually be obtained; in children, however, this is quite the exception, and amongst my 28 cases a definite illness of this nature was only evident in one, a baby who had pneumococcal peritonitis at the age of 7 months, and died after severe alimentary hlmorrhage less than two years later. The only other clue to a cause was found in 3 patients, and also in a fourth not included in this series because his first symptom came on at the age of 16. These 4 all had a history of pywmia in the early months of lifeosteomyelitis or acute suppurative arthritis, most probably the result of umbilical infection.
Much evidence has now accumulated to support the view that in these cases the portal vein thrombosis is the result of spread of thrombosis from the umbilical vein, usually associated with infection. This accounts for the condition which has been described as cavernomatous transformation of the portal vein, the vascular channels which form the 'cavernoma' being in fact collateral vessels by-passing the thrombosed section of vein.
In all these 28 patients with extrahepatic obstruction himorrhage from cesophageal varices was the most prominent, and usually the initial, symptom. In many it came suddenly in a child thought up to then to be quite healthy. In 21 of the 28, the first episode occurred before the end of the 10th year. Ascites was absent, and I believe it only occurs at the time when there is active phlebitis in the portal venous system. Splenomegaly is present in all cases, but as a rule the liver is impalpable. At operation the liver feels normal, smooth surfaced and quite soft; sometimes it has a characteristic brick red colour, presumably due to the fact that an undue proportion of the blood which is reaching it is arterial. The liver can function very well when supplied almost entirely by hepatic artery blood, so that there are none of the usual stigmata of liver disease such as jaundice, spider nevi or palmar erythema. As the obstruction is below the site where the umbilical vein joins with the left branch of the portal vein, a caput meduse does not develop. Biochemically the liver function tests are normal. The blood may show evidence of hypersplenism, anemia, leucopenia or thrombocytopenia.
The portal pressure is often very high, usually between 25 and 40 mm Hg, compared with the normal figure of 8 to 12 mm Hg. The diagnosis can be confirmed by transplenic venography; there will be no filling of the portal vein but collaterals in that area may show up and through them a little of the opaque fluid may reach the liver; most of it will be diverted to other collaterals, but it is well to confirm the site of the obstruction by intramesenteric venography at operation, as in some cases the flow in the splenic vein may be reversed, so that none of the fluid injected into the spleen reaches the portal vein, even though the portal vein may be patent.
Clinically these children are in a tragic position. They look and feel quite well until they are suddenly struck down by serious hWmorrhage which may be fatal; the interval between successive attacks may be a few weeks or many years; the earlier in life that bleeding starts, the worse is the prognosis, and if it makes its appearance before the age of 5 years, it is unlikely that the child will reach adult life without surgical treatment, in spite of all the facilities which are available for blood transfusion. As time goes on collateral circulation may develop in sites other than the cesophagus, so that if fatal hemorrhage can be averted in the early years there is a tendency to improvement, for it is very rare to get serious -bleeding from any of the other sites in which collateral vessels form between the portal and systemic systems. In my experience these patients never suffer from portal-systemic encephalopathy in spite of their extensive collateral circulation; this is undoubtedly because their liver function is unimpaired.
Treatment is a difficult problem. Non-operative methods have nothing to offer, except in tiding the patient over an episode of bleeding. Clearly the best method would be a wide portal systemic venous anastomosis, but the portal vein is not patent, and the splenic vein is likely to be too small at this age, for it is no use making such an anastomosis unless the vein is at least 1 cm in diameter. As children grow older the splenic vein will enlarge and a splenorenal anastomosis may be possible, but I have had no lasting success with this operation in small children, the anastomosis becoming occluded within a few years. Anastomosis between the superior mesenteric vein and the inferior vena cava has also been advocated (Vorhers & Blakemore 1962 ), but I have found this operation impossible in the two children in whom I have attempted it.
The treatment therefore consists of a splenorenal anastomosis if the splenic vein is large. In all other cases a palliative operation which does not reduce the portal hypertension is the best that can be done. Splenectomy alone is of no value; more than half my patients had had a splenectomy performed and the bleeding had recurred. In fact this is harmful as it leads to thrombosis of the splenic vein and thus makes a splenorenal anastomosis impossible later on. Many palliative operations have been suggested; we have been giving the simple operation of cesophageal transection a trial, and I believe that the results do not compare unfavourably with other methods (Walker 1960) . The operation consists of the exposure of the lower end of the cesophagus through the left pleural cavity, and its division at the level at which it passes through the cesophageal hiatus, sparing the vagus nerves. The oesophagus is then repaired in two layers, a continuous mucosal stitch obliterating the varices. The aim is to interrupt completely the flow of blood up the varices.
Amongst the children this operation has carried no mortality, but it cannot be claimed that it provides complete relief from further hemorrhage. If we can keep these children alive until they reach an age when the splenic vein is large enough, then a splenorenal anastomosis should be done. Unfortunately in some cases the thrombosis spreads from the portal vein to the splenic vein; if this has already happened, splenectomy should be done at the same time as the oesophageal transection.
Altogether 14 of this group have had cesophageal transections. One died four years later of himorrhage. Four have bled again in a follow-up ranging from two to ten years with an average of four and a half years. Nine have had no further bleeding in a follow-up of from one to ten years with an average of four years.
Alternative methods which have been suggested include transcesophageal ligature of the varices, cesophago-gastrectomy with or without intestinal interposition and transplantation of the spleen into the thorax (Turunen & Laitinen 1959) . Operations which join a portion of the alimentary canal which has a high venous pressure to the oesophagus can only be palliative and recurrence is just as likely to take place as after a simple transection. In fact, 2 of my patients had had an cesophago-gastrectomy elsewhere and have bled again.
Of the 28 patients who have been under my care, 8 are now dead. The infant who had had pneumococcal peritonitis died after an operation. The other 7 all died of hkmorrhage at periods ranging from two to fourteen years after their first attack of bleeding, with an average of eight years.
Intrahepatic Obstruction
When the obstruction is intrahepatic the condition more closely resembles that found in adults, and in most cases the disease of the liver dominates the picture and surgery has no place. Hemorrhage is the only indication for operation, and this can only be done if the liver function is not seriously impaired.
In young people with intrahepatic obstruction, it is very unusual to find secondary thrombosis in the portal vein so that a porta-caval anastomosis is technically possible. Encephalopathy which may follow the shunting of portal blood directly into the systemic circulation has not been a problem in any of the children. Of the 15 cases in this group who have had this operation, I am grateful to Professor Sherlock's unit for referring 7 for surgical treatment. There has been no operative mortality, though 4 have subsequently died of liver failure. I have based my remarks on my experience of portal hypertension over the past fifteen years. Severe hematemesis is a rare symptom in childhood, but I think it is true to say that portal hypertension is the most common cause. Every case should be investigated in order to identify the cause of the hypertension. The prognosis is serious and most of these children will die early as a result of this condition. It is tragic when children die of hemorrhage in spite of the fact that all their organs are functioning normally, as may happen in cases of extrahepatic obstruction. Surgical treatment can completely remove the dangers in some of them; in others it can postpone a fatal termination for many years. In those with intrahepatic obstruction and failing livers, operation will do no good, but if the liver function is not deteriorating and there is a risk of serious hemorrhage from oesophageal varices, a portacaval anastomosis will remove this danger without adding any extra strain on the liver and without reducing its capacity for regeneration. It is therefore essential that every case should be very carefully assessed and the appropriate treatment carried out.
Dr J P M Tizard (Hammersmith Hospital, London)
Portal Hypertension following Exchange Transfusion through the Umbilical Vein Three cases are presented in which portal hypertension developed following exchange transfusion in the neonatal period. In 2 cases there were signs strongly suggestive of portal phlebitis following repeated exchange transfusions; in the third case two exchange transfusions were unaccompanied by any obvious untoward reactions.
Case 1 A male infant, the third child of an Rh-negative mother and the second to be affected with hemolytic disease of the newborn. The first exchange transfusion was uneventful; the second, necessitated by hyperbilirubinimia, was complicated by clotting in the umbilical vein. Streptomycin and chloramphenicol were administered. Five days later the baby developed a fever and tenderness on palpation over the liver. The liver enlarged and prominent upper abdominal veins appeared. At 6 weeks of age he appeared well. At the age of 21 months he had a haematemesis following administration of aspirin. The spleen was enlarged and subsequent investigation by splenic venogram showed an extensive collateral circulation, but no filling of the portal vein. He is now 5 years old and has had no further hmmatemesis.
Case 2
A female infant of a Group 0, Rh-positive mother, became jaundiced on the first day (bilirubin 13 5 mg/ 100 ml). This was thought to be due to anti-B haemolytic disease. Three apparently satisfactory exchange transfusions were carried out. Prophylactic antibiotics were started with the second transfusion. On the ninth day she became ill with enlargement of liver and spleen, tenderness over the liver and prominent upper abdominal veins. On the 17th day there was ascites and on the 52nd day intestinal obstruction which was relieved following drainage of a subhepatic abscess. At 4 months the liver and spleen were still palpable, but X-ray with barium swallow showed no cesophageal varices. At 2k years she was well and neither liver nor spleen was enlarged. At 4i years she had an attack of hematemesis and melhna following pneumonia. Splenic venogram showed a little filling of the splenic and portal veins and numerous gastrocesophageal anastomotic channels. Liver biopsy showed biliary cirrhosis with bile-duct proliferation.
Case 3 A firstborn male child of a Group A, Rh-positive mother. Labour was induced at 38 weeks because of suspected disproportion. The infant weighed 2,500 g and was of immature appearance. Jaundice developed within the first twenty-four hours and at forty-four hours serum bilirubin was 18-9 mg/100 ml. Two entirely uneventful exchange transfusions were carried out. Prophylactic antibiotics were given with the second. At 3 weeks of age he had a slight fever for a few days; there were no abnormal abdominal signs. At 8 weeks of age a Ramstedt's operation was performed for pyloric stenosis. At about 3 months he suddenly developed marked abdominal distension due to ascites. At laparotomy the pressure in a small splenic vein radicle was over 400 mm of water, suggesting complete occlusion of the portal vein. Liver biopsy was normal.
Exchange transfusion for heemolytic disease of the newborn or hyperbilirubinemia is a lifesaving procedure; cannulation of the umbilical vein is by far the simplest method and clotting in the umbilical vein is a rare event nowadays with the use of soft flexible polyvinyl catheters.
These tragic complications are probably due to infection of the portal vein with multiply resistant bacteria. It is probably wiser to abandon the use of routine prophylactic parenteral antibiotics, to treat the cord and umbilicus with bacitracin spray and to swab the umbilicus before and after the transfusion in order that the nature and sensitivity of any contaminant may be known.
